This study investigated the role of systemic inflammation in the development of atrial fibrillation (AF) after coronary artery bypass grafting (CABG). CABG was performed using cardiopulmonary bypass in 77 patients. Pre-operative AF was present in six patients (7.8%) and postoperative AF developed in 13 (18.3%) of the 71 patients with pre-operative sinus rhythm.
Introduction
Following open heart surgery, coronary artery bypass grafting (CABG) and valvular surgery, cardiac rhythm disturbances such as atrial fibrillation (AF) occur in 20 -40% of patients. 1 -3 Such complications extend the length of hospital stay required and the medications and treatment needed increase the costs. Atrial thrombi are frequently formed in cases of AF and those that break off from the atrium can cause acute occlusion of various arteries, especially when the cardiac rhythm is altered. Thus, AF is associated with an increase both in morbidity and mortality.
Atrial fibrillation frequently develops on the second or third post-operative days. 4, 5 Although it has been investigated in many studies, the precise aetiology of AF has not yet been established. Suggested aetiological factors include advanced age, excessive postoperative mediastinal bleeding, severity of coronary disease, atrial ischaemia, preoperative β-blocker usage, chronic obstructive pulmonary disease (COPD) and renal failure. 1 -9 In addition, cardiac, pericardial and mediastinal inflammation has been implicated in post-operative AF following 6, 10, 11 It is well known that there is an increase in systemic inflammation during and after open heart surgery when CPB is used. 1, 6 Preliminary studies have indicated that this is associated with changes in plasma levels of several adhesion molecules and selectins. 10 -15 Various adhesion molecules, selectins and cytokines, including E-selectin, P-selectin, interleukin (IL)-6, IL-10, vascular cell adhesion molecule (VCAM) and Creactive protein (CRP), are strong indicators of systemic inflammation. The purpose of this study was, therefore, to investigate the role of increased inflammation in the aetiology of post-operative AF by measuring the plasma levels of these endogenous agents and cytokines before and on the third day after CABG.
Patients and methods

PATIENTS
Consecutive CABG patients from the Department of Cardiovascular Surgery, Medical Faculty, Trakya University were enrolled in this prospective study. Patients were excluded if they underwent procedures in addition to CABG and valve surgery, such as beating heart surgery, or if they had liver or kidney failure, emergency status or a European System for Cardiac Operative Risk Evaluation (EuroSCORE) of ≥ 6. 16 For the purposes of analysis, patients were divided into three groups: those with pre-and postoperative sinus rhythm (sinus rhythm group); those with pre-operative sinus rhythm and post-operative AF (postoperative AF group); and those with pre-and post-operative AF (AF group).
All patients gave written informed consent. The study protocol was designed in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Trakya University.
TREATMENT AND EVALUATION
In addition to routine pre-operative evaluation, echocardiography was performed on all patients. All patients received cold cardioplegic solution with K + antegrade during hypothermic CPB. Surgery involved diverting the left internal mammary artery to form a bypass graft to the left anterior descending artery and/or using saphenous vein grafts for anastomoses to other coronary vessels.
Post-operatively, patients who had no complications were cared for in the intensive care unit (ICU) for 2 days. Criteria for discharge from the ICU to the ward included withdrawal of all vasoactive and inotropic infusions, extubation without pulmonary support, and no evidence of major organ failure. Whilst in the ICU, patients were monitored using a six-channel, five-lead standard D-II derivation electrocardiogram (ECG). Pulse rate, arterial tension and body temperature were assessed every 2 h for the first 2 days in the ward and subsequently every 4 h.
Every morning, a 12-lead ECG was performed in both the ICU and the ward. If arrhythmia was suspected, a standard ECG was also performed. Routine amiodarone treatment was administered to patients with AF. This comprised an initial 2 h amiodarone infusion (300 mg in 5% dextrose solution) and then a maintenance dose for 3 days (450 mg/day infusion [total dose 1350 mg]), followed by oral amiodarone. The oral dose was tapered as follows: 1200 mg oral amiodarone for the first 3 days; 600 mg for the next 2 weeks; and 200 mg for the next 3 months. All patients received several doses of β-blockers pre-operatively, and acetylsalicylic acid and β-blockers were given on the first post-operative day.
Age, gender, body surface area, the presence of diabetes, hypertension, COPD or pre-operative arrhythmia, ejection fraction, drug usage, number of arterial grafts performed, CPB time, aortic cross-clamp time, post-operative mediastinal drainage, and the number of days in the ICU were recorded for each patient.
MEASUREMENT OF SYSTEMIC INFLAMMATION
Blood samples were taken 1 day before the operation and on the third post-operative day; specimens were immediately placed in glass tubes without anticoagulants or preservatives. The serum was separated by centrifugation, placed in plastic tubes and frozen at -80°C until analysed. Concentrations of E-selectin, P-selectin, IL-6, IL-10, VCAM and CRP were measured using standard enzyme-linked immunosorbent assays.
STATISTICAL ANALYSIS
All results were analysed by SPSS ® software (SPSS Inc., Chicago, IL, USA) using the Wilcoxon signed-rank test. A P-value < 0.05 was considered to be statistically significant.
Results
A total of 77 consecutive CABG patients were enrolled into the study. Of these, 58 (75.3%) had pre-and post-operative sinus rhythm, 13 (16.9%) had pre-operative sinus rhythm and post-operative AF, and six (7.8%) had pre-operative AF that continued into the post-operative period. Treatment with intravenous and oral amiodarone restored normal sinus rhythm in all 13 of the 71 patients (18.3%) who developed postoperative AF.
Demographic and pre-operative data and operative parameters for each of the three groups of patients are given in Tables 1 and  2 . There were no statistically significant differences between the groups in terms of age, gender, body surface area, presence of hypertension or COPD, β-blocker usage or left ventricular ejection fraction. With regards to operative parameters, there were no significant differences between the groups in the number of distal anastomoses, total CPB time or aortic cross-clamp time. There was, however, significantly more mediastinal drainage, indicating greater post-operative blood loss, in the postoperative AF group compared with the other two groups (P < 0.05). Values given are means ± SD. *P < 0.05 and **P < 0.01 compared with the post-operative value. † P < 0.05 compared with the sinus rhythm group and the post-operative AF group.
Pre-and post-operative plasma levels of Eselectin, P-selectin, IL-6, IL-10, VCAM and CRP are shown in Table 3 . Although the pre-and post-operative plasma E-selectin levels were not significantly different in the sinus rhythm and AF groups, the post-operative E-selectin level was significantly lower than the preoperative level in the post-operative AF group (P < 0.05). Pre-and post-operative plasma Pselectin levels did not differ significantly in any of the groups. Post-operative plasma IL-6 levels were, however, more than three-fold higher than pre-operative levels in all three groups (P < 0.05 -P < 0.01). Similarly, plasma IL-10 levels were also significantly increased post-operatively in all three groups (P < 0.05 -P < 0.01). Pre-and post-operative VCAM levels differed significantly in the sinus rhythm group, but not in the other two groups (P < 0.05). Post-operative CRP values were significantly higher than pre-operative levels in all three groups (P < 0.01).
There were no significant differences in the levels of any of the above-mentioned parameters between the groups, apart from the pre-operative IL-10 level, which was significantly lower in the AF group than in the other two groups (P < 0.05).
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Discussion
Post-operative AF is a frequent complication of cardiac operations. 1 -5 It requires careful management in order to minimize problems such as a prolonged stay in the ICU, morbidity and resource consumption. Many prospective and retrospective studies suggest that several different risk factors affect the development of AF. 3 -6,9 Advanced age, surgical trauma, mediastinal bleeding and the use of β-blocking agents are currently accepted as associated factors.
In a retrospective study performed a few years ago, we found that patients with postoperative AF were older and had more postoperative mediastinal bleeding than sinus rhythm patients. 5 In the present study, despite the groups being age-matched, significantly more post-operative mediastinal drainage still occurred in patients with post-operative AF than in the other two groups.
It is well known that CPB causes intensive complement activation and disseminated systemic inflammation during the postoperative period. 10, 11 Endogenous cytokines have an essential role in this inflammatory response and CRP is a widely known marker of body inflammation that has been used for many years in the diagnosis of infection. An increase in CRP after cardiac surgery is well documented. 14 In the present study postoperative plasma CRP levels showed a statistically significant increase compared with pre-operative values in all three groups. This is important because it indicates that CPB is associated with significant inflammation. The increased CRP level occurred in all three groups, however differences between the groups were not significant. It has been shown that CRP increases in patients with paroxysmal AF; 12, 13 however, in the present study, analysis of the CRP levels in the AF and sinus rhythm groups did not suggest an aetiology for the development of post-operative AF. In addition, no relationship was found between the development of AF and plasma CRP levels following open heart surgery in women. 14 E-selectin secretion from plasma endothelial cells and P-selectin secretion from thrombocytes have been frequently reported to be strong indicators of inflammation. 10, 11, 15, 17 The marked alteration in plasma selectin level during CPB is similar to that observed in acute organ dysfunction, atherosclerosis, coronary artery disease, unstable angina pectoris and ischaemic stroke. 18 -23 In the present study, the SD for measurement of E-and P-selectin varied widely and this may have contributed to no statistically significant differences between the pre-and post-operative plasma P-selectin levels being detected in any of the three groups, particularly as the mean postoperative P-selectin level in the AF group was quite a lot higher than the pre-operative level. Levels of post-operative plasma Eselectin decreased from pre-operative values, however a statistically significant reduction could be detected only in the post-operative AF group. The mean post-operative Eselectin level in the AF group was also quite a lot lower than the pre-operative level, though not statistically significant.
Plasma VCAM is an important indicator of endothelial cell activation and vessel wall inflammation. 24 -26 While there was a significant increase between the pre-and post-operative levels of VCAM in the sinus rhythm group in the present study, this was not seen in the other groups and there were no differences between the groups. This suggests that there is no relationship between the development of AF and plasma VCAM level.
Perhaps the most important findings of the present study were the changes in A rapid increase in IL levels early in the postoperative period with a decrease later has previously been reported. 27 In the present study the blood samples were obtained on the third post-operative day, but it is reasonable to suppose that the IL levels were also elevated earlier than this postoperatively.
In summary, the present study showed that various pro-inflammatory products, plasma acute phase reactants, inflammatory cytokines and end-products of the vascular inflammatory response were changed following CPB and open heart surgery, which is consistent with the literature. These changes, however, were found not to be related to the presence of AF and we therefore conclude that these markers are not useful indicators of AF development. Post-operative disseminated systemic inflammation was seen in all patients, so the extent to which inflammation has a role in the development of AF following CABG cannot be determined and further investigation is required. Nevertheless, this prospective controlled clinical study is an important step in researching the role of inflammation in the aetiology of AF following CABG.
